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INTRODUCTION 


This paver describing the mining vractices at the Ray mines at Rav, Arizona, 
is one of a series being vrepared by the Bureau. of Mines on mining vractices, netnoc 
and ccsts in the various mining districts of the United States. 


ect comes 


At the vresent time (1929) all mineral production of the Ray distri 
is being work 


‘rom the Ray Mines of the Nevada Consolidated Conper Co. The ore body 
el from tvo shafts, designated as No. 1 and No. 2. 


An undercut block-caving method Sianeli is used, variations of which are 
emloyed to fit different conditions. The present method has been developed by mak- 
ing imorovements as exoerience was gained or when conditions chanzed. Refinements 
In practice are continually being made. 


The Ray mine was the first in the Southwest to use a caving system of mining 


‘Ona large scale. 
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HISTCHT OF Distaler 


The Rav Mines of the Nevada Consolidated Cournzr Co. are sitvated in the 
southeast corner of Pineal County, Ariz., in the Mineral Creek mining district. 7 
tormm of Ray is in the velley of Mineral Creex, a small stream which flows into ts: 
Gila River 6 miles below Rav. Figure 1 is a general mip of the Ray district, 
ing topogranhy, torn sites, roads, Sn railroads. Fay is 90 miles from Puoonix ¥ 
the Southern Pacific and the Rey & Cila Valley railroads, and avvroximately 50 m 
oy automobile rovds by way of Florence and Susevior. The estinated population o! 
the Rey district is betveen 5,000 and 6,000 nersons. 


The ore is shivped by rail a distance of £20 milcs to tne comeany corcen-? 
tor at Hayden. The concentrator was situated at Havden, on the Gila Rivor, inc 
der to obtain an adequate sunply of water for milling end sufficient area for (oe 
ings disvosal. The concentrates are treated at Nayden at the smelter of t:e Ax? 


ican Smelting and Refining Co. 


Records indicate that mining for gold was in vrogress in the district as 
early as 1880. ne gold mining opsrations were -nsuccessful ‘but undoubtedly lec 
the discovery of conser. 


In 1883 the Ray Conver Co. was organized and built a smelter at Ray to 72 
dle ores containing native coneer. This organization, however, hed oni *, snort 
life, and there was no further activity in the district until about 190" ween so 
English commoany, the Ray Conver Mines, Ltd., was orztanized. This comoany estet 
ed its general offices, built dwellings for its staff, and erected a epee 
and smelter at Xelvin, Ariz., 5 miles below Ray on Mineral Creek. in mill at 2 
vin was connected to the mine at Ray by a narrovw-gage reilroac., Tuc miniwz over 
tions of this comoeny did not advance beyond the develowment stage, the worx com> 
sisting of sinking a munber of shafts and doing considerable drifting therefroa. 
OQnerations were carried on for anvroxinately one yerr, when the proverty wos saul 
down. <Apperently this shut-down was brought about by the fact that the comer c¢ 
tent of the ore--about 2 v2r cent--did not come up to the expected assay, ant it 
was impossible at that time to overate successfully on an ore of such a lov :Tek 

Mining activities were sgain resumed during the years 1906 and 1907, 2% 
several commanies were organized, including the Ray Consolidated Copser Co., tne 
Gila Copper Co., the Arizona Hercules Copver Co., and the Zelvia-Calumet Co. 8 
Rav Consolicated Coo-er Co. and the Gils Copner Co. were soon consolidated, wi? 
1912 the Rav Consolidated Covver Co. also absorbed the Ray Central ‘“Mininz 00. - 
1926 the Ray Consolidated Cooper Co. was teken over by the Neveds Consolidat ¢ 
per Co., and in 1927 the proverty of the Arizona Hercules oe CO. was purc.a 
by the Nev2de Consolidated Covvzer Co. 
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Churn drilling carried on by the Ray Consolidated Conver Co. and the Gila 
Cooper Co. from 1907 to 190° vroved the existence of sufficient ore to warrant 
building a clant and starting mininz cperations. Shinments to tre concentrator 
were tegen in Februa~y, 1911, and overations neve been continuous since that date, 
rith the excention of a period from Avril 1921, to April, 1922. From 1911 to the 
end of 1923 approximately 1,003,000,000 pounds of copper was produced in the Ray 
TIsSmtC bs 


GEOLCGY 


The prevailing rock in the minerslized area of Ray is a quartz-—sericite 
schist. Suoordinate amovnts of porphyry intrvsives occur mainly outside of the ore 
zone. Amassive sill of diabase underlies part cf the ore body. The ore tody is 
almst entirely in the schist, a rela tively small amount of ore occurring in grenite 
porphyry. Quartz is a microscopic primary constituent of the rock. Secondary quartz 
occurs in the scnist and as gangue in stringers of chalcocite. Sericite occurs 
taroighout the schist, and in nlaces is abundant along some of tre planes of weak- 
hess par ae With the schistosity. 


eee is the mast abundant sulphide minzral and occurs disseminated through- 
gut the ore and varticularly alongs the lines of fracturing and in the planes of 
schistosity. The amount of pyrite varies in different varts of the devosit. 


Chalcocite is the essential ore mineral and has been devosited by ravlacing 
te pyrite and to a verv small extend the chalcovyrite. It is associated with the 
oyrite and in some instances hes entirely replaced it. It occurs characteristically 
88 small specks disseminated throughout the ore and as distinct veirnlets generally 
less than One-half inch thick. 


Analyses of samvles of schist ore from the “Yo. 2 aie the sae 1 snaft work- 
ings are Siven by Ransome? as follows: 


\ NO. ¢ Mine No. 1 mire 
10m Facedides ot uaawe ear i Bites ite 69.35 68.52 
A1,0 3 eoeeeveeer ee Por a a a er er er e ee 12.°6 15,65 
TO een suaeh pais creer Sean 5.02 5.77 
FeS. ee wee ere eevee eeveeer O66 828 8588 18 Se 08-8 4.98 2003 
a s Sapbiste ae caenee a 2.85 Z 613 
B50: Sanecerk-arscce Sete Avene aces Ab eee eet 2.38 2.27 


3. 
Ransome, F. L., The Copper Deposits of Ray and Miami, Ariz.: United States Geo- 


lo 
16 gical Survey, Prof. Paper 115, 1°19, p. 159. 
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A system of major faults with considsreole fTauslt breccia extends norts- 
westward and sovtheastward through the ore body. <Anctcer major fanlt running at 
right angles to-the main system occurs near the west end of the ore body. Ame 
ber of minor faults also are vresent and gougo-filled fissures sre common. ithe 
faults and fissures that cut through the ceppinz tend to prevent doming or arci- 
ing of the overburden when the stones are drawn. 


Several sects of planes of weamess occur in the schist, the most wronom 
one generally veing with the schnisto icy. A second set less well defined runs 3 
right anzles to the schistosity and voarallel to its strike. Other sets of minor 
vlanes of weakness run in different directions. Due to the vextmess along tre o 
of schistosity the ore generally has a tendency te brea down in slabs. ‘MTuese ? 
pieces next break along planes of weakness into rectangular shaves. The senist 
sity has no uniform strike or dip. | | 

The ore in the mine generally breaks coarsely; in sone vlaces, however, 
breaks up quite re-dily. The ore as it falls in the caving blocks is in lerger 
fragments than at most mines using a caving syst2n of mining. The hardest srom 
to break at Ray contains a large proportion of secondary quartz that has nevoirs 
the whole rock structure rather than being confined to stringers. There ny als 
be recementation of the planes of wenkness by the quartz whicn, in mining, hos 2 
further tendency to cause the rock to break into large fragments. This is vert- 
cularly true in one area wnere there andvears to be a conter of fissurins an nd aye 


Those parts of the ore body heving larse provortions of sericite cave ve 
readily, but tnis ore is likely to nack if not drawn immediately and continuousl: 
after undercutting. In this type of ground it is essential that Wre.  Minory cer 
velopment work te done well in advance of mining operations to ailo: tne grow und | 


dry out as much as possible. 


é ° e ge 4 A) + 

On standing exposed in workings the ore usually slacks, with resultant 
sloughing from the tov and sides; this makes timboring necessarv in all oormane lt 
workinss in the ore. , 


18 .) = 

In some olaces the ore is limited norizontally by frults which undowdted. 
have acted as dams to enriching solutions, but in most Seana the vices fade 
out into the surrounding rock and the economic ore limits are obtaincd by assay. 


The bottom of tne ore tody is sometimes limited by a diabase snect or VY 
flat-lying frults. In most places, however, it is limited by the dimin= ition in 
gerade. : oy a ee . 
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; A sharp line of demarcation generally occurs between the ore and the leach- 
diron-stained capping. Parts of the cancing in which secondary quartz is abun- 
jant have a tendency to arch over the areas drawn underneath and break into large 
locks. Other parts of the capping are soft and friable and run readily once the 
“tock is disturbed. In such areas care must be taken to prevent pives of waste com- 
ing through the ore during drawing operations, osrticularly if the ore has settled 
md become packed. Packing is more likely to occur when the material is dam. This 
finely divided capping is also:likely to filter down through the coarser ore as the 
drawing nears commletion. 


The ore bodv is irregular both in plan and section. It occurs as two con- 
ected flat lobes with 60 per cent of tke ore reverves in one and 40 per cent in 
te other. The No. 2 shaft workings are in the larger lobe and the No. 1 in the 
caller. The main axis of the ore body is about 7,000 feet long and strikes near- 
ly east and west. The averazo width of the ore body is about 1,500 feet. It is 
fron 40 to 400 feet. thick and averages about 120 feet. It is undulating but has a 
general dip of about 100 feet vevztically to.1,000 feet horizontslly. The tnick- 
ess of the capping is between 40 and 600 feet and averages about 250 feet. 


PROSPECTING, AND EXPLORATION 


The first prosvecting of the Ray ore body was done by sinking shafts and 
rifting from them. The next prosvecting was carried on by churn drilling, holes 
cing drilled over the entire area at the corners of 200-foot Squares whenever 
racticable, Further exploration has been carried on underground by diamond drill- 
wack "Long-hol elt drilling, and through the usual procedure of drifting and raising. 
luis last has been confined chiefly to determining extensions of the ore body out- 


a 


side of the limits. indicated dy the original churn drilling. 


At present "long-hold! drilling has almost entirely replaced prosnvect rais- 
ae The drill used for this ynurvose is a Leyner-type machine with air-motor ro- 
ation and is mounted on a 42-inch cradle. It is fitted with a svecial water con- 
nection in front of the chuck. ‘Two vertical columns and a cross-arm are used for 
Heel which recuires a station at least 5 by 7 fect in the clear. One and 
. ee inch round hollow steel is used in 3, 6, and 9 foot lengths, jointed 
- oe Sleeve counlings, the shorter lengths being used only to a chanZese 
Sey pk detachable and are of the usual cross form with a 5 by 14° double 
aie ig : largest-sized bit is 3-1/2 inches in diameter, and ceen reduction in 
itch oe inch. Holes up to 30 feet long are drilled usually ona 45 
hough 1 12 Ditch May be as great as 55°, and flat or downward holes can be crilled, 
forein 7 Teadily, dependent upon the nature of the ground. A pump is used for 
Wallable through the hollow steel when a sufficient head of mine water is not 


415, 
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The average footaze drilled per machine per shift over a long period hrs 
been 23 feet; this mae hudee moving and setting’ up. 


Tne samvole iutee val is 6 feet. Sludge is split at the collar of the hole 
by an automatic sammler, dévised locally for this purpose. The sample. is orien 
over a heater outside the mine before being sent to the assay office. 


SAMPLING AND ESTIMATION 


In churn drilling, sanuples were obtained by the use of a split divider. 4 
careful record was kevt of the type of material being drilled through, the color 0: 
the sludge and the character of its various mineral constituents, the weight of 
material cut for each 5 feet of drilling, the size of bit, and the length and size 
of the casing in the hole. From the weight of the samvle and the size of the dit 
it was vossible to determine whether there was caving in the hole and to thus arri 
at some conclusion as to the accuracy of each 5-foot sample. The semples were ass’ 
ed locally by the iodide method, and the remainder of the vulp was sent avrsy for & 
termination of the copyver by the clectrolytic metnod. 


In the case of diamond drilling, all the sludse and water from each 5 feet 
of drilling was retained until the sludge had comvletely settled, allowed decantiz: 
of the clear water. The core was also ret2ined. The »nercentage of core, however, 
was so small,. being approximately 5 per cent of the total, that it was not used in 
connection with the final assay results. 


Every vorecaution was used to obtain fair samples from the shone: 
holes. If woon lovering the rods into the hole after a 5-foot interval was drill 
it was found that the bit did not return. to its former vosition by 1 foot, the op 
ators were required to remove the rods and case the hole to the bottom. All sample 
were assayed and records kevt as in churn drilling. 


In considering the ore body as a whole, the probable tonnage and grade of t 
ore in place is calculated entirely from the results of,churn and diamond drilling 
except in the case of a few isolated ore extensions. The first step in calculatim 
the tonnage and grade of the ore body was to make vertical sections along the nort: 
south lines of drill holes, snéwing the ore ovtline and the assays of each hole. 
Next the ore area and average grade of each section were calculated. Finally the 
volume and average #rade of ore between each pair of adjacent. sections Were calcu- 
lated and these inturn combined to give a volume and grade for the whole ore bocy. 
A factor of 12-1/2 cubic feet per ton was used to calculate tonnages; this figwe 
was determined by actual tests on the ore. The ore was not assumed to extend be- 
yond the drill holes until shown to do so ty suvseaquent development. 
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In the course of underground mining encections calculations are made of 
the tonnage and grade of the individual bdlioci:is beins mined; the necessary infor- 
mation for such calculations is obtained from actual stope semolins and mine develop- 
ment. In develoving a block of ground for mining, as will leter be exmlained in de- 
tail, cut-off shrinksge stoves are carried uo to the canving on four sides of the 
dlock. Grab samoles ava taken at 10-foot vertical intervals from the brolzen ore 
across the width of the stove and for a length of 12-1/2 fest along the stove. The 
original saetnod of sampling stones wes to cut cuannels, dut owing to the irregular- 
ity of the stones it was very difficult to obtain satisfactory samples ia this man- 
nor, and grab saimling as described above has been adovted. The assavs of samples 
taxen from a block during draving are adjusted to the mine heed which is obtained 
from en automatic mechanical sampler. 


In development work, drifts and raises sre samled by both grab samples and 
cut samples. The grab samples are taken to secure a daily record of the various 
cdonei The cut samoles ar» used for vermanent records and are placed on assay 

raps and sections of a scale 50 feet to the inch. Cut samples are taken in drifts 
a l2- 1/2- foot intervals on alternate sides of the drifts. Uvery care is exercises 
to obtain as uniform a samale as vos:ivle. In cases were the nlanes of schisto- 
sity are well defined, the samoles are takxen at right angles to these planes. 


In determining the tonnage and assay value of a mining block all assays 
Waich are available within the bloc are considered. As the cut-off stopes are 
carried to the capning all around the block and are sammlec, as previously explain- 
ed, they provide a series of vertical sections from which the tonnage and comer 
contents of the block can be comuted. Additional datz sre also vrovided by the 
cut sampling of development drifts which may have been previously driven to exolore 
tae country or to provide access for subsequent mining; and these results are also 


taken into considsration in arriving at a final estimate of vrobable assay value 
of the ore within the block. 


The future aevaieonent progrsm and the sequence of subsequent mining oper- 
ations are controlled by a consideration of the assay maps and sections, upon which 
are also shown the geological Teatures. 


mTHODS OF DEVELOPMENT AND MINING 
Develovment 


The development of the mine as a wnole has becn by two vertical snafts for 
ta hoist ing of ore, two inclined shafts provided witn stairways for the handling 
of Suoplies and mine waste and for emergency exits, and one vertical shaft for the 
han@ling of men (figs. 1 and 2). The main haulage levels have been established at 
“Poroximately 150-foot intervals, and to date four of tnese have been developed. 

ie mining of the ore from various levels was made necessary by the shape of the 
°re body, which dios from tne west to tue east. 
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Shafts. Hoisting and man shafts and susoly inclines are concreted. This 
reduces maintenance costs, insures 24-hour-a-day operation, decreases fire hazards, 
and increases ventilntion efficiency. 


Figures 3 and 4 are plans and sections of a main hoisting snaft and on in- 
clined sucvly shaft. 7 


All ventilation shafts, both inteke and exhaust, are also conereted and 
are equinped with steel ladderways as emergency exits. 


The .two commartnent Senate shaft to de used for ventilation was recently 
sunk from the surface to a devth of 482 fect. 


The ordinary V-cut round with 10 to 16 holes 5 feet deep was used. Thirty 
per cent strength ammonia dynwmite and electric delay blasting caps were used to 
blast the round. In firm ground the shaft was timbered with 8 by 8 inch timoer 
and the usual six-post shaft set. In softer ground 10 ‘by 10 inch timber was uscd. 
Work was. done by a crew of three men in the bottom of the shaft. Concreting was 
done from the bottom up. Dividers and posts were removed and concrete poured 
around the remaining timber, sufficient lagging being removed to allow the con 
crete to come into contact vith the solid rock at the sides. The original sets wer 
of such size as to allow the reinforcing to be placed in front of the timber. 


Drifts. Main haulage drifts are broken 3 by 9 feet and haulage later2ls 
8 by 8-1/2 feet in cross section. Two crevs of tro men each are given contracts 
for running drifts. A&A crev consists of a miner and a helper. One crew works on 
day shift and the other on afternoon shift, and each drills, shoots, or mucks out 
the round or does the timberinz, as the case mzy te. A round is generally drilled 
on one shift and mucice d out on the next, and the timbering is done oy the shift 
following. — 


Drifter machines, supported by horizontel bars, are generally used for 
drilling the rounds ; vertical bars are used occasionally. 


Bach contractor uses his own choice of round; a V-cut round with from ld 
to 15 holes is commonly employed. Rounds are blasted with 30 per cent strenght 
ammonia dynamite and No. 6 blasting caps. Five feet, .the distance for a set ? 
usually broken by each round. SO | 


Rock broken in drifting is shoveled by hand into 5-ton cars, which a" 
then handled oy the haulage locomotive. 
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Drift sets consists of 12 by 12 inch posts and 12 by 14 inch caps. The 
main haulage sets are 7 by 8 feet and the laterals 7 by 7-1/2 feet in the clear. 


Timberinz usually is kept close to the face, as the ground is soft aid 
slo.ghs on exnosure. In fact, spiling must be used overhead in drifting throvgh 
the softer varts of the formation. Formerly drift sets were set on 6 by 12 sills. 
however, it was found that in swelling ground the sills were forced upward in 
tne floor of the drift, carrying the track with them. Present practice, th<«refore, 
consists of standing the posts on 6 by 12 inch foot blocks and using what ars 
mown as batter blocks to resist side pressure (see fig. 5). 


Peg lagging is used in some swelling ground. The lagging is kept from 
direct pressure uvon the vost by pegszing it back with wooden pegs about one-half 
inch thick and 4 inches long. When pressure causes the pegs to break or split, 
the lagting can be removed ani sone ground taken out to relieve the pressure be- 
fore it has becone great enouzh to break the post. 


In heavy ground cn main heulage lines the drifts are concreted (see 
fig. 6). — 


Sudlevel fringe drifts are timbered vith 8 by 8 inch timbers with vosts 
/ feet 2 inches long, battered 2 inches to the foot. Sublevel draw laterals are 
min untimbered ani are anvroximately oe by 5 Test in cross section. These 
rifts are driven by contract. Rounds ere drilled with hand-held plugger-type 
machines, the weight of which is poe owed by a ring wnich is slipped over the 
end of a piece of drill steel. 


Winzes. To insure small and exact conrections at the voints where raises 
from the haulage level tap the grizzly level, snort winzes are sunk in the floor 
of the sublevel drifts previous to raising. These winzes consist of one round 
Irilled, blasted, and mucked out, plus a 5-foot hole in the center of the winze 
in which a piece of old steel or pine is left. This is done because it is desired 
(0 have firm footing for the grizzly set and to take out as little ground as vossi- 
leat this point. The raises mav be driven first, but in this case they are 
stopped about 6 feet below the floor of thz sublevel. 


Raises. ‘ost of the raising is done in connection with the sublevel method 
f mining and consists of storage raises between the haulage level and tise sub- 
evel. These are started from chutes in the vony sets above the drift tinvers on 
me haulage level. If the sround cermits, they are driven untimbered and about 
iby 4 feet in section. If timber is necessary, 6 by 3 inch cricobing is used, 
siving an inside dimension of 4 by 4 feet. As the raises are never over 30 or 35 
0416, 9. 
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feet long, a monway comertmant is net recvircd. In uitinbered raises the “ines 
vork on a 3dlatforn supported on stulls. Ti.ese mises ore never driven flstia 
than 55° from the horizontal; at anv pitch stceoer than this tne ore Flows o 
and does not build uo on the bottom of tha rris2. 


sre Oi Re 3. 2 ae 
Minins “deticas 


Four variations of one genevel minint m:thod aro used at the Rey min, x 
are designated as follows: Eand-t lee: methocé,. motor method, modified motor 
niet noe. end seas method. These have been age ereabin to avnlv to vorticul'? 
conditions in the ove body, such as thickness, distence above tne nauls.Z> lavel, 


and othoar vhysicol ee aa 


The hand-tramming method is used to nine small bodies of frinse ore mie: 
are too hizh abtove the msin houlege Jevel to veormit the use of cithor the mote 
system or the :nodified rotor svsten and which do not neve sufficient vertical 
thickness tc varrant the annlication of the svrblavcl. system. 


“> 


he motor svstem, ir which the ore is drown dircctly into cars on tie) 
yoaulage level, was oxtensivelv used in the vast but is now confined to. areas mss: 
the ore cones dewn tn the haulage level and extends less than 100 Yeet acove it 
and where the grind is hard ond has no tendency to cement or nack after 7 
caved. 


Ths modified motor svston, with its vettor | svacing of. drav points, is u 
in areas of softer ground and wnere the height of ore is less than 150 feet ato: 


S 
the naulege level. 


The sublevel svstemn is tlie preferred ere aa is used in cll trees of 
ground wheve tie thickness of ove avove the aaa level is 150 fost or w0r.. 
Tiere is no eéssentinl difference in the methods Cescribed othor thin fron 2 ic 
velopment staadcoint. That is, after the vrelininary develonment voric hos 2ec2 
completed, the actual mining of the ore is the sume in all cases. 


Develoorent of Present Methods. The nresent svstem of mining is cn it- 
provenent on the original metnod develoned at Nav at the beginning of opesrtioe. 
The originrl aethod consisted esscntinlly of altern: te shrinzage stones aid yilt: 
All the stones were carried through to the capving, after rhich tha pillars ‘er 
cut off at the base ond caved.” In order that the present method may be cor ar 
with the original method a short de;criotion of the latter is given here. In 2 
hand-tramning section, six to cight lat erels were driven thrsugn a block orn 2> 
a 
4 — -Blackner, Lester A., Underground Miniuc Systems of Ray Consolidated Cop <> 

Coe: Trans. An. Inst. of Min. Ens. vol. 52, 1916, on. Sfl-422. 
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4° x 12” x 18” 


Figure 5.— Drift set, showing use of batter blocks 
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foot centers (fig. 7). Shrinkage stoves on 25-foot centers and at right anzles 

to the laterals were then carried uv to the capoing. These vere made as wide as 

the ground vould vermit in order ‘to <sen the renaining villars-cs small as vossible. 
In starting the shrinkage stones raises were put un on a 45° slope from both sides’ 
of the laterals until they intersected, forming the starting cut of the stove. 

Tae same method of starting undercut stopes is still used and is described in de- 
tail later. “4g — 3 | = 7 


AS soon as the shrinkage stoves were comoleted the pillars between them 
vere undercut. To effect this, reises were put uo in the pillars in the same man- 
aur as in starting the shrinkage stones. The pillar stopes were carried up to | 
above the tovs of the cones made by the intersecting raises between the drifts, 
after which the sides and back were drilled and blasted. This final round brolre 
into the shrinkage stopes on either side, thus completely undercutting the pillar. 
Tae blocs was then ready for drawing. The ore was dravn into small cars and 
hand-trammed to transfer raises’ from rhich it ras losded into motor cars on ‘the 
haulage level. The same procedure was followed in the motor method with tne ex-- 
ception that the laterals. were spaced on 50-foot instead or 25-foot centers and 


the ore was dravn directly into the motor cars, thus avoiding the expense of hand- 
traming. 


These systems gave satisfactory results in the hard character of ground 
met with on the upper mining levels, but in softer areas encountered as c erations 
vere continued on lover horizons the motor method gave less s:.tisfacto: y results. 


As the chimneying or piping of the softer ore and the wide svacing of tne 
draw points resulted in a decreased recovery, to conmlete the extraction it was 
necessary to mine the ridge of ore remaining betreen the main haulaze laterals. 
Tais was accomplished by driving hand-tramning drifts termed locally "cone drifts" 
between the main haulage laterals. These drifts were originally driven on the 
haulege sill but later were dropped to a point 10 feet below the haulage sill in 
order to place the drift in firmer ground and avoid excessive tinber repairs. 


After the driving of the cone drifts was completed, shrinkage stopes were 
carried over the tov of these drifts in the center of the remaining ridge of ore. 
Tnese stones were carried to the broken ground, and when completed, drawing opera- 
‘ions were accompli’shed by hand-tramning the ore from the chutes to transfer raises 
connecting vith a lower haulage level. To improve this condition the motor haulage 
laterals were subsequently snaced at 40-foot centers instead of 50-foot cente vs, 


ya . A : re ee 
thus bringing the draw points clos:r together. Tiis gave more satisfactorv results 
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with no apparent increase in the timber difficulties experienced in the use of tr: 
50-foot center drifts. It vas however, necessary in some areas of soft and cener: 
ground to put in the cone drfifts between the 40-foot center laterals. as described 
in the case of the 50-foot center laterals in order to secure a satisfactory re- 
covery from the mining block. 


To reduce the cost of mining and imorove extraction, it wes then decided | 
cave a block of ground by undercutting by the stope-and-pillar method as before, 
but with the stoves carried only to a point apnroximately 8 feet above tne cone 
connections and then blasted with a final flaring round, and with the pillars als 
attacked as before to comolete the undercutting. Imvroved results were obtained 
by this method, and it was cecided to use this system of undercutting wherever v6. 
ble 

An objection to this method of procedure was that in*certain instances *: 
ground had a tendency to arch over above the elevation to which the undercut stor 
were carricd, resulting in a loss cf recovery through failure of the shoulder o: 
arch to cave. In order to vrevent such an occurrence, it was subsequently decide 
to carry cut-off stones all ercund the block uo to cavoing, or to the level above 
and undercut the central mass of the block by the method previously described. 


This method of mining, which is locally known as the motor method, was be 
extensively used at Ray Mines during the years 1925 ard 1926,° though in recent 
years it has been in great measure replaced by the sublevel system. 


“Motor Method. The following description covers the development and minin 
of a motor stoving area in which the ore does not excesd a height of 100 feet abo 
the haulage level. 


A fringe drift is driven along the side of the ore body and from it late? 
are driven on 40-foot centers through the ore body or to a point where less than 
50 feet of ore extends above the haulage level. ‘These drifts and laterals are? 
feet in the clear inside the timbers. Posts are 7 feet, 6 inches long, and cas! 
9 feet over-all; 12 -by 12 inch timber is used. Four laterals usually constiture 
a panel, the width of which is 160 feet; the length of a drawing block is usually 
100 feet. The block on the far end of the panel is worked first; then the next } 
order retreating to the fringe drift. It is not practical to work a whole vanel 
as a unit on account of the exoense of keeping tne laterals open. As soon 2s tne 
laterals are completed the work of putting in pony sets is started, and vroparat: 
are made for mining the first block (see fig. 8). When the work of installing t= 


acl ga i i a a i a es i ee 
5 - Thomas, Robert W., Mining 4ethods Used at Ray Mines: The Mining Congress Jce.l- 
nal, Vol. 12, page 366, May, 1926. 
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Figure 7,— Handtramming caving method 
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Figure 8&8 — Motor-haulage caving method 
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bony sets 1s comoleted, mining overations ere started. This work consists of first 
carrying uD snrinkage stoves at the boundaries of the block, termed locally "cut- 
orf stoves." The side cut-off stoves are begun by driving reises 10 feet wide, 
svaced at 25-foot intervals, from the tvo outside haulage laterals. These raises 
are driven on a 45° pitch to a point 20 feet outside of the center of the drift; 
that is, to the side of the block. As soon as the raises are completed they are 
connected at the tov by a small plugzer drift, and from this drift the stope is 
carried up vertically as a regular shrinkage stove. Cribbed manvavs are maintained 
in the ends and in the center of the stove by pritting a partition in the 10-front 
raise at either end and in one raise at the central position. Ventilation is »ro- 
vided for by an untimbered raise in the center of each stope. These raises connect 


with small drifts driven for ventilution purposes on an upper level near the ton 
of the ore. 


The end cut-off stones are started by connecting raises 10 feet wide ona 
40° pitch across the laterals at both ends of the block. As soon as the rsises 
are completed the ground is broken down over the tinber, and the stopes are carried 
was regular shrinkage stoves. 


When the cut-off stopes are completed to the capping, or to a previously 
mined level above, undercutting operations are started. This consists of carrying 
W shrinkage stooes at 25-foot intervals across the block exactly similer to tue 
end cut-off stope, except that they are not carried so high. These are criled 
uidercut stones. When the final round is completed these stoves are anvruximatcly 
<b feet above the elevation of the pony cap. They are carried not less ‘han 10 
Test in width, and unon shooting the final round are flared out at the tov to 17 
or 13 feet, After an undercut stove is finished, work can be startci undercutting 
the pillar betrreen it and the preceding stone. Raises are connectsd across in the 
Dillar in the same manner as starting the undercut stones, but only 5 feet in width 
and at 12-1/2-foot intervals from the center lines of the undercut stoves. Out 
of the connected raises a narrow shrinkage stope is carried up to a point anorox- 
imately 20 feet above the nony cap. A final round is then drilled and blasted 
™ich breaks through into the undercut stoves on both sides. This work is con- 
tinued until the block has been completely undercut. After two undercut stopcs and 
to pillar stoves have been brought down, a small amount of ore is usually drawn 
from them to make space for the exnansion of the ground above as it caves. Only 
& limited draw is taken from the finished stoves until such time as the block is en- 
tirely undercut. As soon as this is done drawing operations are started, and the 
wsual form of drawing, described later, is then maintained throughout tke draving 
atéa until the completion of the block. 
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In this method of mining some difficulty is exuerienced because of the 
weight on the timbers, which necessitates timber rovairs. Reoair work, in this 
method, usually prevents the wassage of trains and thus may stov draving from ar 
entire lateral. Eowever, ths conoaratively smail height of ore wermits rapid 
drawing from the block, and gererally draving is completed before excessive tich 
repairs are necess2ry, 


For sections of soft ground and wnere the height of ore exceeds 100 fect 
but is not sufficient to warrant the use of the sublevel system, the modified 
notor system has been develoved. 


Modified Motor Method. The modified motor method has the advantage of + 
ing sone of tne weight off of the motor-naulage laterals and thus minimizes dele 
and interructions in train service. I+ also allows a closer svacing of ihe drar 
points, which is essential in softer sround. 


The details of the modified motor method are ovtlined in Fisure 9. sate 
are svaced 40 fect anart, as for the standard mctor methad, and similcrly the de 
are four drifts or 160 feet wide. The length of the block, however, is usually 
feet. The increased length of the block is permissible because less tincer res 
ing is required in the laterals. Pony sets are nut in over the laterals for tx 
antire length of the block, and chutes are placed in the pony sets at 15-foot i 


tervals. Chutes aro stagzered, so that those on the same sice of the lateral & 
30 feet avart. 


After the chutes are comleted, raises are started and draw sets instel. 
(see fiz. 10). These sets are supported by stringers running from the top of t 
pony cap into tne solid ground at right angles to the lateral. Figirs li 18 a 
vlan of such a modified motor section, showing the location of the draw sets vi. 
respect to the haulage laterals. 


Tae stoping and undercutting operations in this system are similar to + 
of the standarc motor svstem. Rese are vut uv from the outside draw sets of t 
outside laterals of the block. These rsises, which are called "throat rais2s, : 
inclined sligntly so that when they reach a neight of 7 feet above tne to or ti 
set they are 15 feet from center to center. From the tops of the throat raises: 
45° inclined raises are next run at right angles to the lateral; the raises on iB 
outside of the block ar: carried to a voint 20 feet outside of the haulage @riz: 
These outside reises are then connected varallel to the haulage lateral a> oo 
a small drift or inclined raises to form the base of the side snrinxage s+ OS 
Manway entrances for these stoves are carried up from the ends of the craw SorSe 
As in the standard motor method, cribbed manwayvs are carried in eacn end and 1 


center or tne stove with ean open raise in the center for ventilation. 
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Figure 9.— Modified motorhaulage caving method 
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End cut-off shrinkage stones are driven st both onds of the block. ‘hese, 
ke the side stones, are carried to the canping or to a >reviously mined area above, 
it-of f stones are, of course, iunnecessery on such sidius. of the block as adjoin pre- 
ously mined-out sections. Undercutting then béeins as in the original motor 
sthod by connecting 45° inclined raiszs over the dravy points and at right angles 
) tne haulage laterals. These reises are started frou the throat raises 7 fcet 
dove the tops of the draw sets. Wnen the raises anve becn connected across the 
idth of the block, the ground left: betreen the Civerging raises above the throat 
2ises is blasted down to give » slot 4 feet wide with a level back from one end 
) the other, after which shrinkage stoping comnences. The width of the stone is 
ren increased to 6 feet for tro or three rounds and then again increased so that 
‘e final round will break a width of at least 18 feet-at a heignt of 40 feet above 
xe too of tne pony caps. Critbed manweys are put up at the ends and sonetiizes in 
te center of each undercut stope, starting from the ends of the throat sets. 
ve feet of solid ground is :sually left unbroken between the ends of these trans- 
*rse stodes and caved ground in an adjoining vanel. This prevents running in of 
ste rock. It necessitates, however, careful mapping and plotting of all stoves. 


Similar but smaller stcpes are next driven in the pillars between the undcer- 
4t stopes. They are started in similar manner by connecting inclined raises, but 
re carried only 5 feet wide ard just ‘one round above the tops of the cones; then > 
final round, which brings them to a height of about 32 feet above the top of the 
ory caps, is fanced out in such a manner as to br2ak into the undercut stopes on 
oth sides. Both undercut storms and pillar stones cotimect with their final round 
ith the side cutoff stove at either enc. From this ooint on, regular drawing pro- 
dure is followed. | | | 


Sublevcol tiethod. The sublevel method is used in all kinds of ground where 


he ore extends 100 feet or more ebove tho haulage levol. It is the most satis- 
actory of the various methods employed at Rav. | 2% 


No weight has as yet been exverienced in the motor-haulace laterals, and 
ee drawing onerations are comleted in any areca the timbers used in the naulage 
lrifts can be reclaimed and used in the Gevelopment of another block. In some © 
"stances go little weight is encountered on the grizzly, or sublevel, that it is 


x 


ossible to rettaim some of this timber also. 


_ Although the spacing of the chutes is not as regular as in the case of the 
lolified motor system, they are so arranged as to prevent the fornation of ridges 
of undrarn ore, Te method of undercutting the block is almost-idertical with that 
arsed in the modified motor method, but the cosition of the drawing chutes and 
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of the grizzly drifts is such that they reccive the protection of the cones, ory; 
mids, of solid rock that are develoned in the undercutting procedure. This results 
in vroviding for the working places a maximum of protection from the weight of tr 
caving ground with a consequent minimum of exoense for maintenance and repairs. 4 
panel 200 feet wide is usually develoved by four motor-haulage drifts at 50-foot 

certers (see fig. 12). Pony sets are installed over every fourth and fifth drift 
set. One of these has a chute on both sides of the drift, the other is for the « 
venience and safety of the loader on the motor-haulage level. Raises 4 feet ind 
meter are driven from these chutes to a heignt of 40 feet above the rail. The rz: 
are inclined in such a manner as to connect with the sublevel draw laterals at co 
foot centers, anc these connections are stagevered in alternate sublevel laterals 3 
shown in Figures 12 and 124A. 


As soon as this work has vrogressed far enough to give the required connec 
tions to the sublevel, the development of the sublevel is started. This level cc 
sists of small timbered fringe drifts on the boundaries of the stoping block and 
small untimbered aGrifts or "laterals!" across each line of raises from the haulage 
level. These sublevel laterals are 25 feet center to center and at ‘right angles 
to the haulage drifts. Over the.top of each storage raise a grizzly set with bas 
13 inches apart is installed (see fig..13}). After development work has been com- 
pleted, the undercutting of the block proceeds as in the modified motor method jus! 
described. Due to the greater height of the ore, the cut-off stoves, as indicated 
in Figure 12, are generally mined in two lifts, tie upper section of the cut-off 
stoves being carried up first from an uo:er level and the shrinkage muck hand- 
trammed to transfer raises. Fore 14 shews diagrammatically the draw point spacl¥ 
obtained by the different methods described above. 


All drilling in cut-off, undercut, and pillar stopes is done with hand- 
rotated stoper drills. The back of the stove is kent level lengthwise and slight:y 
arch in section. Drill rounds consist of rows of four holes 6-1/2 feet deep at 
intervals of 3 or 4 feet along the stone. The final round in undercut stopes and 
pillar stopes consists of six holes to a row with the outside holes sloped outward 
ona 45° pitch. As it is essential that the final round in the pillar stones shal: 
break through into the undercut stoves on both sides, thus making a complete under- 
cut, such rounds are not loaded and blasted until the holes have been checked and 
approval given by an engineer charged with such responsibility. 


Ordinarily, five to ten men ver shift work in a stove, depending upon the 
length of the stope. A round is drilled and blasted over half the length of the _ 
stove on each shift. While the crew on one shift is drilling its round in its hal: 
of the stone, enough of the swell is drayn from the other half to make room for the 
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Figure 12.—- Sublevel undercut caving method 
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stopes. Note large amount of solid rock left as protection for laterals 
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Figure 13.— Throat set and grizzly for sublevel caving 
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irilling of the next round there by the oprosite shift. The work in the stope is 
senerally carried out on a tvo-shift' basis; nc work is done on the third shift. 

[fn each stove a boss has imnediate charge of operstions under the supervision, of 
the shift boss ofe that level. Each crew vorxs in its ot end of the stove until 
the stove is finished. | 


Cribbed stove manvsys, as vreviouslv exolained, are put up at the ends and 
in the middle of the stoves. In the long nanvevs for cut-off stooss, tha cribbing 
is 3 by 6 inch timber and the manwe: 2-1/2 fect square inside. In the undercut 
stones the cribbing is 2 by 6 inch -aaterial and the man--y 2 feet, 8 inches in the 
clear. The use of the lighter mterial in the aamvays for the undercut stoves is 
nade possible by their temnorary nature and the small height to wnich they are 
carried. 


iach of the ground being mined is soft; wheve the scnistosity lies flat it 
tends to break into slavs. Usxoer such conditions stulls are frequently used to sun- 
port the back while drilling is in progress. ° | 


Drawing Practices. In hand-tramning sections trammers drav the ore directl. 
‘rom the chutes into l-ton cars and tram to the transfer raises. One or move chute 
dlasters work in each tramning section, deovending on the number of laterals and tne 
nature of the ground being dram. It is the duty of the chute blaster to blast 
fing-up chutes, the trammers being prohibited from doing this. 


In the motor method the ore is dratmm by chute blasters, as ‘they are cdled, 
directly from the chutes into tho 5~ton motor cars. A train of empties is svotted 
in the drift and the chute blaster is supplied with emoty cars by a Jousner" who 
crings uv the empties and pusiies avay the loaded cars. In this method the chute 
claster blasts his own chutes vhen trey are hung up. At times the rock hangs up 
at such a distance above the chutes that it is imvossible ts reach them without a 
Stick, Chute blasters are forbidden to enter hbungs-up chutes. These are blasted dov 
"ith the aid of blasting stics 1 inch square end from 10 to 15 feet long vnicn are 
vrovided for this vurvose. | 


i 
from the chute into the motor-hanlsge cars. In case tne chute hangs un, it i 
iecessary for him to enter the dran set and blast it down. | 


In the sublevel method drawing is carried on by men designated as tunpers tc 
cistinguish them fron the chute blasters mentioned above. The ore is dram from 
tne draw sets ond allored to run directly into the stcrage raises. As in the otner 
raving operations it is often necessary to blast; and if the muck is hung w any 
‘Stance from the draw point, this is done vith blasting sticks, the tappors being 
forbidden to enter tne chutes. Most of this blasting is dore with fuse and cap; 


416, =i? 


however, wnen chutes sere hung up in such a manne: as to recuire time and care to 
place tne charge in the correct nosition, electric blasting cans are used. Thin 
per cent dynamite is used in blasting chutes. No blasting is vermitted on tze 

grizzlies, hammers being: used to break such bowlde:s as are too large to vass. | 
order to orevent accidents to the men drawing the storage raises on the havlam 
level, an electric signal system is used to give warning of blasting to de don 
the sublevel. | , 


qo 


The method of undercutting used at Ray has been anovted for two reasons. 
First, to vrovide pyramids or cones of solid rock abeve the drawing level whic 
tend to sunvort the broken ground and keev the direct vweisht from coming uoon te’ 
draw sets or unon the drawing level. Second, this metioi of undercutting dress 
approximately 45 fest of ground over the dra voint. This considerable thicimess 
oz broken ore not only acts as a cushion, but as it is drawn off, allovs more 
thorough breaxcing up of the mnin mass of ore before the latter reeches the drav 
points. | 


A uniform drav, particularly during the early stages of drawing, is essen 
for satisfactory recovery. I7 the early dravint is not dine uniformly, the mas: 
ore may cave alon= some un’novn vlane of realness, causing chimneys or cavities | 
which may exterd into the capping and allow it to mix with the ore. After the “2 
mass of ore has been thoroughly broken and the >vlock has caved to the surface, 
result of subsequent irrezular draving is not as seriovs as "ould have been tue cs 
earlier. However it is thouzht best to maintain uniform draving at all times. 


Individual blocizs are drawn separately, as e-ch block is cut off on all s 
by cut-off stope:. Undercutting onsrations are carricd on »rozressively from om 
end of the tlock to the other, and are immediately folloved by draming overatios 
on a limited scale. This’ gradually removes the. support from under the main 2255 
of ore, and by setting up a cantilever action, causes it to slough and break UW 
As soon as the bloc is cdmoletely undercut the regular vrocedure of unirora arar- 
ing is started through the block. ‘The same »rocedure is followed in the rex? ploce 
of the panel, undercutting and draving being started eat the end remote from te 
previously mined block. © 


rtment an 


Control of Dravinz. Store control is under the engineering deva ee 
qd calv- 


is directly suwoervised by the stope entineer, who lays out stoning plans ant ©* 
lates the tonnazes and assay valves of blocks. Undcr him are stone-c ontrol engi 
neers, one on each shift in every working block. It is their duty to se taet a 
even draw is maintained in the drawing section, to take grab samples of tiie a 
the draw sets, to tally cars on daily “ritten reports, and to seal drew points © 
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ccount of waste or overdrawing. Chutes are sealed by cardboard strips tacixed to 
ie chute boards. In the motor-haulage metnod the number of cars dra'n can be 
llotted directly to the drav points, as each chute represents one drav voint only. 
a the other methods the engineer notes from which side of a draw set the ore is 
iken, and as the working places are open for his versonal observation he is able 

9 keep an accurate check of the tonnage dravn from each individual chute. 


Commosite assays for each draving lateral for each shift are posted daily 
t the mine and at the enginsering office. These sre for the guidance of the stope 
ngineer as well as the mine »osses. Individual dram point assays are also posted. 
heach block a chart shows the nunber of cars dravn to date from each drav voint 
nd is brought up to date at least twice each week. This serves the foreman and. 
osses by indicating the condition of the drav. A similar chart in the enginesring 
ffice shovrs cars dravn to date from each dra voint, and in addition shows the ori- 
inal expectancy for each drav voint. 


Recovery and Dilution. Evsory effort is made to secure as high a recovery as 
ossible of the tonnage and copper contents of each individual block. It is imposs- 
ole in any caving metnod to odtain 100 per cent recovery of the conver contents, 
lthough usually the tonnage drarm from any block apvroximates 100 per cent of its 
stimated volume, In the final stages of the draw some small percentage of waste 

aterial is dratm out with the ore and maxes io. sor ee small tonnage of commercial 
Te that is left behind in the drawn area. In order tat tna efficiency of the min- 
ng performance in each iné@ividual block can be ees ascertained, it is neces- 
ary to estimate as accurately as possible the tonnag: sand grade of the ore vroduced 
‘trom the block. These data have been kept since the inception of mining overations 
i Ray, and it is a consideration of these results that has led to the successive 
‘provements in mining practice that have been instituted at tne eroverty. Since 

ine beginning of operations the tonnage mined is somewiat in excess of 40,000,000 
‘ons from completed sections, and the dilution exverienced to date ap»roximates 10 
sr cént, which indicates 2 reasonably satisfactory mining verformance. 


Tonnage recovery is the ratio of the tonnage dravn from a block (extraction) 
20 the tonage estimated as being originally available in that block (exnectancy). 


Copper recovery is the ratio of pounds of copper drawn to pounds of covper 
-xvected, 


Ditution is the loss in grade, and may ve calculated by dividing the loss 
in grade by the expectancy grade of the block. 
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. Under round Tens vovtation 
 Pigure 2 shows the lavout of a tynical neuleze level and a section tir 
one of the mines. The standard ote car used in this’ mine has a capacity of 10 
cubic fest. The averazc ledis 4.6 dry tons. Vaulage is ty teans of @-ton co 
oressed-nir locomotives with a drat-bar pull of 3,000 nouncs. The locomotives cre 
charged at conveniently located stetions to a vressure of 200 pounds ner smare in 
the operation requiring about One=ioke minute. The treck is of 3o0-pound roils in 


‘the laterals and 45- -pound: reils in tig main hevi.see lines, laid to S@-+inch waz. 


- 


Grades of: one-third: ner cent in favor of the le=d are meintained in the stozin5 
areas and a grade of one-fourth per com in the main havlaga line. Troe tics or 
of untreated 6 by 8 inch timber, 4 feet 6 inches long. Fifty and sixty foot ratis 


eurves: are stanfard, thovzh cu ves of greater radius are frequently ‘ascd. - A ston 


rd turnout is shorm in Figure’15. Sixteen-incn I-beams are tised for ‘the long cars 


Trains consist of 20 to 25 cars. ‘They are broacnt from the stonxs to the 


‘main haulage line by the service locomotives ani from these heulezte to the tip gle 


“the sublevel biocks the crew consists of a motorman, a braeman, and a cuit: t 
for ecch train. The chute blaster loads the cers. The brakeman stands >.1lo7 1% 


~The canacity of a typical skaft vocket is 570 tous. Stations and vockets 2° 


“by the main-line motor. The length of this haul varios greatly but averaces any Tot 


imately 3,000 fect. 


Mie train crevy on tha main line consists of a mcotormon: and a braver & 


drift and signals the motorman in svotting car At the tivple the train is tw 
over to a tipole motorman and his brekeman ere an empty train picked up and tact 
back to the dravting : sections. : a * 


Motor chutes are of timber construction witn cnoute boards ie e146 ia cleats. 
. ' . . 
Cars are dumped by three-car electrically driven tinnlos. One man operat 
a tinvle. he eaevvroximate tine of dumoing a train of 20 cers is 10 minutes. be 
ore passes through manganese steel grizzlics, heving a snacing of 16 or 15 Lacks 


eve enth 
ly concreted. 
: EN 
Ore is loaded into the skivs through measuring hovpers. Skips are 0! 
cubic-foot canacity; the averare load is anoroximately 10- 1/2 ary tons. at the 


collar of the sheft the skips dump into a 100-ton steel bin over the coarse erst 
ing olant. aw 
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A set of standard contract »vrices is in effect throughout thre mine embdrac- 
ing all work that can be handled satisfactorily by the contract system. mese wrice: 
cover drifting, raisins, sincinzg, timbering, Cae undercutting ana stoving, 
ard the reclaiming of timbsar ead travrc material. All prices are on a ver. foot basis 
with the exception of stooing, timbering, and tee reclaiming of tinber and track 
Material. In the case of stoning ard pony ame the vrice is basea on wnet is 
locally termed "vertical lineal feet"; that is, a dase uric? is rade Tor each ver- 
tical foot of stoning, the actual price oe any individual stove beings the vertical 
price ver foot times the lineal lensth of the stove. In case of timocring, a nrice 
is given for each set. In reclaiming timber 2 vrice is vaid on a basis of boar 
feet of timber recovered and in the case of track, nive, etc., the nrice is based 
on the actual lineal feet recovered. The contrect rates in effect are seldom al- 
tered and then only with the avvrovel of the mine superintendent. Contract rorl 
is entirely in charge of the enzineering devartacnt and 4s supervised by a contract 
engineer, whose duty it is to sigm nev contracts and to keev in toucn with the work 
as it progresses during the month. Contracts are signed for a month's duration onlr 
They are mcasured on the last day of oech month, no excsss earninzs beinz vaid to 
tae contractors on the mid-month varday. All men on contract are grarentesd der's 
vaye The contractors themselves are directly rzsconsible to the mins toss in 
whose section they may be working, and it is tus mine bosses! duty to se2 that the 
work in carried on in a workmanlike manner. Such earnings as may be made in excess 
of tne daily wage are proportioned to the men vrorking on the basis of thdir daily 
mage excent that the contractor hinself is alloved 25 cents extra ocr shift for 
assuming the resvonsibility of the contract. All contracts cover icbdov only, and 
all supplies are furnished by. the company. Contracts have been tried st various 
vimes to cover the drawing of mick from tne chut.s, all tanvers in any one area 
veing considered on the contract and the ovasis of vay being so much por car of or3 
orocuced. Such contracting imeroves tne efficisuevy of the drewing overations, but 
is not satisfactory as it is almost impossible to maintein control of the dra. 


Bonus 


With the present contract svstem, which borders on the bomus system, vor 
little actual bonus work is done. A bonus is vaid trammers for the tramaing of muck 
fron chutes, anda definite amount ner car is paid for all cars in excess of a cer- 
tain number. The base number of cars depends on the length of tram. In adlition to 
the contract orice naid for drifting and raising work, a bonus is scaetincs allowed 
on rush heacings of so much ver foot, voroviding a certain footage is comoleted dur- 
ing the month. 
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A bonus is also Sepia’ Lo werk “in wns sr Givriculty is pein; ex-cri- 
enced. This in effect reises “the contract orice, excect that the bonus is not ceil 
unless some agreed footnge is S eoneiated during Ee Deriod. 


VENTILATION 


Tre vrincival ventilation requirement is the rarid removel of blasting ges 
smoke, 2n¢ dust. The No. 2 shrft worxings are acchanically ventilated by three 
nonreversivle exhaust fans. Tue major vart of these workings is ventilated by a c 
trifugal fan installed at tue collar of a vontilstine shal ot, exnausting 75,000 cut: 
fact per minute under vres2nt conditions. This air intckes through one ventilation 
snaft and one inclined supviy sioft and, to a smnll extent, throwgh surface craczs. 
It ventilstes six stonine areas on trc circuits. 


A smaller and sozewhat isolated section of the nine embracing tro ective 
stoping areas is ventilated br a similar fon installed -t the vort21l of a 500-foct 
crosscut leading to anoth -r ventilation shaft. Under vresent conditions it exiet 
40,000 cubic feet per minute of air that intakes through the Mo. 2 incline snaft. 
Tiis system is so arranged that it can also ventilate the No. 1 mine. 


Tne three main haulage level tivoles cre sevarately ventilated by air in 
taking throughNo. 2 main shaft and No. 2 iaclin2, ané oxanusting through a vent 
shaft by means of a similar tyne of fan installed at the collrr of No. 2 incline. 


It exhausts £2,000 cubic feet of air per minute under vrescont conditions. 
Tae man sieft is closed off and nominally neutral. 


Sublcvels cro ventilated by deflecting the air current to and from the 
through raises by means of doors in the main-heulsze level laterals. Sto:es 2% 
ventilated by drill exhaust and circulation through man--y raises, also throug? 
coen overhead reis.s driven orinerily for ventilniion. 


Air samples shov thet the qualit-y of the air, as to chemical composi t20h ; 
is good throughout the mine. The total air summly is equivalent to 400 cuo1e sve 


per minute »cr men enmnloved underervund cn the dav sift. 


MINE DRAINAG? 


e e on “rT 1 
The amount of water enccuntered in these mines is small. At the wedhons 2 
+ - 2 - 9 = 
shaft approximately 160 gallons por minute is being pummed, and about 40 S ae 
Lyin 


minute at the Wo. 2 shaft. This water is handled by electrically driv=n » 
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SAFETY METHODS, FIRST-AID ORGANIZATION AND TRAINI 
AND FIRE PREVENTION 


a 
. 


The vrsvention of accidents has alveys been considered an important nhase 
of thc operations at Ray. For this reason an engincer trained in mine-safety work 
isa membcor of the overating staff. His dutics are: (1) To be familiar with ovor- 
ations throughout the vlant, with a viev to decreasing accident hazards; (2) to 
carry on educational ki to the same end; (3) to give instruction in first-aid 
and mine-rescue work; (4) to keen records “of accidents which will direct attention - 
to the imvortant voints of attack in the. vork of his denartment. 


Accident Prevention 


Operating regulations have bcen formulated covering all phases of the vork, 
both in the mines and on the surface. These rules, written in both English and 
Spanish, have been vosted on bulletin boards in various places. 


Cash avards are made t> the bosses each month, first for a verfect record, 
second for the least number of accidents per shift vor’ted, and third for the least 
tumter of days lost ver 1000 shifts vorked. These monthly avards are graduated 
and are baszd on the number of man-shifts worked ner month. As a result of this 
policy all bosses have come to regard tne elimination of careless or incompetent 
workmen fro. tneir crews and the buildins up oF an accicent—-proor eee er ss as 
one of their most important duties. 


Accident-nrevention education is fostered by exhibits, signs, bulletin 
boards, and weexl-, safetr-first letters. Voluntary meetinzs of narticuler grouns 
of workmen ere held at “Nich the work of each group is discussed and safe oractices 
taught. The Sunvervisory force mests at lanchsons each TOES for the discussion 
of accident srevention. 


First-Aid and Mine-Rucscue Tome 


o* 


The safoty enzineer gives instruction in first aid. All bosses ere required 
‘0 take the course and it is estimated that one-third of all men on the vazr roll 
““e Cometent to administer first aid ia case of enercancy. Supplies of dressinss 
and be ndagses are vent in the mine in charge of tne shift bosses. Commletely cauivped 
inst-aid stations are maintained at centers of york turouchout the mines and plant. 


4 
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Five mine=rescue ctews comoosed of .six min each are ‘rent in training. fr 
tais pumose a mine-resmue station has been built and ecuinoed with all necessary 
apparatus, such as breathing avparatus, gas mas'ts, oxysen puns, and suvolies. 


.. Mine-Fire Prevention 
“Te denger of fire in the main shafts-is eliminated by concreting, as vel: 
mentioned. . Fire trucks ar: tte0t-on each level, and the nine ig :equipved throuk 
with fire hydrants, exit siens, and lights. -Svecial sets of fire and ventilation 


maps are kept un-to-date, and mlans:are prepar:d for fighting any vossible fire. 
_ORGANTZATION: - 
Figure 16 is a chart of the administrative organizstion of the Rav Minss. 


It should be noted that in the abscnce of the mine suverintendent the assistant 
mine suverintendent assumes tne authority of the former. 


Table 1.~--Production of ore ¥ each variation of the 


peer uring the year 1923 


Mining method and b worenai ratory 


= Tons Percentae of 

total 

Preparatory excavation .....ecesee- 4304 742 5.76 

\ Hand-tramming method .......e5+.e.- 119,981 | 360 
Regulée> motor method <ccsseeecesane © GES,154 + | 11.97 

Modified motor method .......+e0+- Ort, 769 . - « 9,09 

SUOLS Vel MOTHOd  <dccuwsddowehVad se cyoooyOlo. 62.43 

Total mine croduction .....eee 00s Ose, Loe » 300,00 
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Table 2.--Summarvy of costs, weir 102 


| Labor | Pinber | Explo-. | Power | Machine | | “Wise. | Total 
ee Cn oa an ah ele 
separatory excavationg$0.0561 | §0.0339 | 80.0070 | $0:0014 | 89.0010 | 80.0022 | $0.1086 
ive ag ae a en earstrae! | 0082 | ,0247 | “10050 | 0916 | 0052  ; st L65 
feserve drating ...... | 0940 | .0129] .0190} .0001} .0001; .0006! .1267 
faulage (including | | | | | | 
operation tipples) 60585 | .0004 | so. {| ,0078|° .0139.! «0102 ! 0909 
Beeting ............. | ,0084 | .0o0%c1 | = == |) «=.0071| ~=.0014 | +.0027! .0197 
fisc. mine expense ...) .0368 | .000] | -- | .0114/  .0016, .0074; .0573 
Plant administration | | | | | 
and general ......... | .0445 | .0005| -- | .002%/ .0018; .0602; .1093 
goneral overhead (ex- | | | | | 
Slusive of taxes) ...| ~~ | __-- : eee == [so | 0526) 1.0526 
| | 0.3714 | 0.0563 | 0.0507 , 9.0351! 6.6214! 0.1417] 0.6766 
SOE Ba Sabet 95 IO cbs al AN et | lel 
Table 3. _~Intor, powder, and ti:nver consrrotion 
Year fee _ Tons ver man Pounds ! Board 
! mined Stoping. Mine Over-all} voder | feet 
1 . vay roll | ver ton , pa ton 


1927 | 2,551,913] 101.60 


10.66 | -¢.33 | 2523 | 1.°9 
1928 | 3,243,159)1/115.61 


12.13 ° 10.85 ' 2193 | 1.88 


- oammee owe 


This figuce estiuated because of etenee in cost cnar zes eon the vears 1°27 
and 1928. 


Table 4.--Labor, powder, and timber consumtion--cevelovment, 1922 


Board 


i | | 

| Size of 1 oe | powder | fect 

| neading, fe:t | man- per | timber 
| Sait foot ‘ver foot 


Grizzly drifts (untimbered)........ 
Supply drifts (timbered) .......... : 5 
aotor drifts (timbered) ........... | 

Averages total driving and timbering! 

M0al, TAISES 9. 454.4060 65-464 bees bees | 4 ft. dia. 
s.ort haulage raises (untimbered).. ) ) 
PeLOQOG TALSSS | 6 js.awie ah weecveraawe se a 

aVOTOES: VAISCS srs suid ewe a sane J —— 


srand averages, all driving and | Sd | | 
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